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(54) Inspection data producing method and board inspection apparatus using the method 



(57) After a CAD data and a parts library are com- 
bined to produce an inspection data, the set data for the 
inspection window is automatically corrected using the 
image of a bare board for a board to be inspected, in 
this correcting process, an inspection window based on 
the aforementioned inspection data is set on a bare 
board image, and then an image in the inspection win- 



dow W4 making up a reference for setting other win- 
dows is binarized, and lands 35 on this binary image are 
detected. Further, on the basis of the detection result, 
the set position and size of land windows W1 for solder 
inspection are corrected, after which the set positions of 
other inspection windows W2 to W4 are corrected. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a technique of 
processing an image obtained of a board with parts 
mounted thereon (hereinafter referred to as "the parts 
mounted board") and inspecting the soldered state of 
parts on a board and the mounted state of parts and 
electrodes on the board, or in particular to a technique 
for producing inspection data for this type of inspection. 

2. Description of the Prior Art 

[0002] In carrying out this type of inspection automat- 
ically, It is necessary to set various inspection data (this 
setting process is hereinafter referred to as "the teach- 
ing") for each part on the board, including the set data 
for the inspection window corresponding to the particu- 
lar part (including the data indicating the set position and 
the size of the window), a parameter required to extract 
an image pattern in the inspection window (binary 
threshold value, etc.), a program for processing the ex- 
tracted image pattern (hereinafter referred to as "the in- 
spection program") and a criterion for determining 
whether the result of the processes is proper or not. 
[0003] Generally, an inspection window for a plurality 
of portions including a land, a part and an electrode is 
set for each type of component part. Also, the parame- 
ter, the inspection program and the criterion described 
above are set for each window (the data and the pro- 
gram set for each of these windows is hereinafter re- 
ferred to as "the inspection reference data"). Further, the 
inspection data for each part is made into a file and reg- 
istered in a memory of the board inspection apparatus 
(this file is hereinafter referred to as "the inspection data 
file") 

[0004] In the conventional board inspection appara- 
tus, a parts library with inspection data registered there- 
in for each part type is registered. The user executes for 
each part the process of designating the mounting po- 
sition of the part on a model board image in a satisfac- 
tory mounting state, and attaching at a designated po- 
sition the inspection data read from the parts library. In 
this way, an inspection data file can be efficiently pro- 
duced. 

[0005] Further, the teaching can be automated using 
the board design data such as the CAD data. In this 
case, the control unit of the inspection apparatus ex- 
tracts the mounting position and the item number data 
of the particular part from the design data, reads the in- 
spection data corresponding to the item number data 
from the parts library and sets the inspection data at the 
mounting position (Japanese Unexamined Patent Pub- 
lication No. 5-35849). 

[0006] The lands on the board are required to be de- 



2 

signed taking into consideration various factors includ- 
ing the mounting condition of the electrodes and the 
heat radiation of the board in operation. The land size, 
therefore, is different for a different design rule. Some 

5 makers have no unified design rule and have different 
land sizes for different boards. Even those makers hav- 
ing a unified design rule sometimes set a plurality of land 
sizes based on old and new rules, or set different land 
sizes for different board sizes. Further, manufacturers 

10 fabricating a board on consignment for a plurality of 
makers are required to produce and inspect boards hav- 
ing various sizes of lands in view of the fact that the de- 
sign rule varies from one maker to another. 
[0007] The parts library described above is produced 

15 using a board image based on a predetermined design 
rule. In the case where a board changed in land size 
due to a different design rule is inspected, however, the 
situation may not be met by the inspection data in this 
parts library. In such a case, according to the prior art, 

20 the inspection windows are displayed in superposed re- 
lation on the image of a reference board after producing 
an inspection data file, and the user is caused to correct 
the position and size of the window manually. This cor- 
recting job consumes a great amount of time (the cor- 

25 rection of a single board may consume about one half 
of a day). Thus, the burden on the user increases, and 
the inspection cannot be started early 

SUMMARY OF THE INVENTION 

30 

[0008] The present invention is developed in view of 
this problem, and an object of the invention is to auto- 
mate the process for correcting the set data of an in- 
spection window, and thereby greatly reducing the time 

35 and labor required for teaching, make it possible to start 
the board inspection at an early time. 
[0009] Another object of the invention is to improve 
the utility of the teaching by making it possible to easily 
produce a parts library in the case where the board de- 

40 sign rule is changed or a new design rule is added. 
[0010] The inspection data producing method accord- 
ing to the invention consists in producing the inspection 
data for inspecting a board with parts mounted thereon 
by image processing. The inspection data correspond- 

45 ing to each part on a board to be inspected is read from 
the parts library produced in advance, and set at the 
mounting position of the particular part. After that, an 
image area corresponding to a land is detected on the 
image picked up from a model of the board to be inspect- 

50 ed, and based on the result of this inspection, the set 
dataforthe inspection window included in the inspection 
data is corrected. 

[0011] In the aforementioned case, the inspection da- 
ta includes at least the set data for the inspection win- 
55 dow. An inspection window may be set for each part, but 
preferably should be set for a plurality of portions includ- 
ing lands. 

[0012] Further, the inspection data may include an in- 
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spection reference data used for inspection within the 
inspection window. 

[0013] in the process of recovering the inspection da- 
ta from the parts library and setting them atthe mounting 
positions of the parts, the inspection data is read out in 
accordance with the operation of designating the partic- 
ular inspection data in the parts library, and in accord- 
ance with the operation of designating the part mounting 
position on the board image, the inspection data thus 
read out can be set atthe designated mounting position. 
As an alternative, based on the parts information ob- 
tained from the board design data such as the CAD data, 
the inspection data corresponding to each part can be 
automatically set at the mounting position of the partic- 
ular part. In any case, the set position of the inspection 
window in the inspection data is converted in accord- 
ance with the part mounting position. As for the inspec- 
tion reference data used for each inspection window, 
however, the data having the same contents as the in- 
spection data of the parts library is basically used. 
[0014] According to the invention, in the case where 
the setting of the inspection window by the inspection 
data set at a part mounting position fails to correspond 
to the land size of the actual board, the set data of the 
inspection window can be automatically corrected by a 
model image of the board to be inspected. In correcting 
the setting of the inspection window, therefore, the user 
simply produces a model board and picks up an image 
of the model board, thereby greatly reducing the time 
and labor required on the part of the user for correction. 
[001 5] The board to be inspected used for the correct- 
ing process is preferably a bare board before mounting 
the parts thereon. 

[0016] In the case where a plurality of inspection win- 
dows are set, the process of correcting the set data de- 
scribed above is preferably executed in such a manner 
that at least the inspection window for the lands is cor- 
rected preferably to include the whole image of the lands 
in the particular window. Further, in accordance with this 
correction, the set data for other inspection data can al- 
so be corrected. 

[0017] In the inspection data producing method de- 
scribed above according to a preferred embodiment of 
the invention, the process for detecting an image area 
corresponding to a land includes the process executed 
for searching the land edge positions with reference to 
a solder inspection window (the land inspection window) 
based on the uncorrected set data on the model image 
described above. The board model is required to be 
formed with a conductor pattern satisfactorily as a pre- 
requisite. Even in the case where the land size fails to 
correspond to the solder inspection window, therefore, 
the land will probably never be displaced greatly from 
the particular window. In other words, at least a part of 
the land is considered to be located within the particular 
window. 

[0018] Once the land edge positions are searched 
with reference to the solder inspection window, there- 



fore, the possibility of a pattern detection error except 
for lands is reduced. Thus, the image area for the lands 
can be detected with high accuracy and the correcting 
process can be executed properly. 

5 [0019] In the inspection data producing method ac- 
cording to another preferred embodiment of the inven- 
tion, the inspection reference data corresponding to the 
corrected inspection window is corrected in accordance 
with the correction of the set data for the inspection win- 

10 dow. 

[0020] In the case where the land size is changed, for 
example, a corresponding solder fillet may be changed. 
With this change, the criterion for determining the ap- 
propriateness of the fillet is required to be also correct- 
15 ed. According to this embodiment, the correction of the 
inspection reference data can be automatically carried 
out. Therefore, the time and labor required for the cor- 
recting process can be further reduced. 
[0021] For this type of correction, however, it is nec- 
essary to lay down a rule for introducing the inspection 
reference data suitable for the sizes of various inspec- 
tion windows in advance. 

[0022] In the inspection data producing method ac- 
cording to still another embodiment of the invention, the 
inspection data for the same type of parts as a prede- 
termined part on the board is corrected using the inspec- 
tion data corrected for the particular predetermined da- 
ta. Generally, the same type of parts are mounted ac- 
cording to the same rule, and therefore have the same 
land size. In the case where there are a plurality of parts 
of the same type on the board, therefore, the correction 
for one part is applicable to the correction for other parts 
in the same way. This embodiment is based on this tech- 
nical concept and can further improve the efficiency at 
which the inspection data are corrected. 
[0023] The same type of parts as described herein are 
defined as parts to which the same inspection data is 
applicable in the parts library and can include a plurality 
of parts of different item numbers. This definition applies 
to the entire description that follows. The correction of 
the inspection data, which may be limited to the set data 
for the inspection window, can also include the correc- 
tion of the inspection reference data, as applicable to 
the whole description that follows. 
[0024] In the inspection data producing method ac- 
cording to yet another embodiment of the invention, the 
inspection data shared by ail the parts of the same type 
on the board is produced using the inspection data cor- 
rected for the same parts, so that the inspection data for 
each part is rewritten to the common set data described 
above. 

[0025] According to this embodiment, even in the 
case where the inspection data obtained individually for 
the parts are varied one from another, a common in- 
spection data free of this variation can be produced and 
applied to the parts. The common inspection data can 
be produced by determining the average value for all 
the inspection data. Nevertheless, a common inspection 
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data may alternatively be produced by extracting the in- 
spection data for which the difference of the set values 
is included in a predetermined range and determining 
an inspection data of an intermediate value in the range. 
[0026] Further, according to the invention, after the 
aforementioned correcting process, the parts library 
may be rewritten or a new parts library can be produced 
using the corrected inspection data for predetermined 
parts. By doing so, even in the case where the board 
design rule is changed or new board design rule is in- 
troduced, the teaching executed once using the existing 
parts library makes it possible to easily rewrite the ex- 
isting parts library or produce a new library by use of the 
inspection data produced by the particular teaching. 
[0027] A board inspection apparatus according to the 
invention comprises an image input means for inputting 
an image picked up from a board, a data file producing 
means for reading the inspection data corresponding to 
each part from a parts library produced in advance for 
the board to be inspected and setting the inspection data 
at the mounting position of the same part thereby to pro- 
duce the inspection data file required for board inspec- 
tion, a land detection means for receiving a model input 
image of a corresponding board after complete produc- 
tion of the inspection data file and detecting an image 
area corresponding to the land on the same image, a 
correcting means for correcting the set data for the in- 
spection window in accordance with the detected image 
area, and a registration means for registering the in- 
spection data file including the corrected set data in a 
memory, 

[0028] In this board inspection apparatus, the image 
input means (which may be supplied with a digital image 
in some cases) is configured of an A/D converter and 
an interface for receiving the image signal from the im- 
aging means for picking up an image of the board. The 
board of which an image is picked up is mainly a board 
having parts mounted thereon. Nevertheless, a bare 
board may alternatively be imaged at the time of cor- 
recting the inspection window. 

[0029] The parts library can be registered in the inter- 
nal memory of the apparatus. Nevertheless, the parts 
library can be read out alternatively from a removable 
medium such as a flexible disk or a CD-ROM. 
[0030] The data file producing means receives the op- 
eration of selecting a predetermined inspection data of 
the parts library and the operation of designating the po- 
sition of a part on a model image of the parts-mounted 
board input from the image input means. Then, the data 
file producing means reads the selected inspection data 
from the parts library and sets the selected inspection 
data at the designated part mounting position. As an al- 
ternative, the data file producing means can receive the 
input of the CAD data and set the inspection data cor- 
responding to each part at the mounting position of the 
particular part indicated by the CAD data. 
[0031] The inspection data file produced above is not 
necessarily a single file but may be a mass of a plurality 



of files. Also, a common file may be set for the data such 
as an inspection program shared by a plurality of types 
of parts, and a link to the common file may be set. 
[0032] The land detection means receives the image 

5 input from the image input means as a model image of 
the board after complete production of the inspection 
data file, and thus can start the process of detecting an 
image area. This land detection means is preferably 
configured in such a manner as to start the process of 

10 receiving the image after receiving a predetermined 
command input. Also, in the process of detecting an im- 
age area corresponding to edges, preferably, a solder 
inspection window is set on the model image based on 
the inspection data and the land edge positions are 

15 searched with reference to the particular window. 

[0033] The inspection data file including the corrected 
set data may be registered in an external memory or a 
removable storage medium as well as in the internal 
memory of the apparatus. 

20 [0034] Assume that a board having a different design 
rule is inspected anew by the board inspection appara- 
tus having the aforementioned configuration. After pro- 
ducing an inspection data file using the existing parts 
library, the set data for the inspection window in this in- 

25 spection data file is automatically corrected using the 
model image of the board and the corrected inspection 
data file is registered. After that, the inspection is con- 
ducted, in which the image of the board to be inspected 
is received from the image input unit, and an inspection 

30 window based on the registered inspection data file is 
set on this image. In this way, the inspection of each part 
can be carried out. 

[0035] This board inspection apparatus may further 
comprise a second correcting means for correcting the 

35 inspection reference data corresponding to.the correct- 
ed inspection window in accordance with the correction 
of the set data for the inspection window. 
[0036] Further, the board inspection apparatus ac- 
cording to the invention can comprise means for receiv- 

40 jng the operation of selecting the inspection data for a 
predetermined part from the corrected inspection data 
file and rewriting the corresponding inspection data of 
the existing parts library by the selected inspection data. 
As an alternative, a new parts library can be produced 

45 from the selected inspection data and registered In an 
internal or external memory. 

[0037] The rewrite operation or the new registration 
described above may use either all or a part of the in- 
spection data in the inspection data file. 

so [0038] Further according to the invention, there is also 
provided a board inspection apparatus having such a 
function that the inspection data produced by use of the 
existing parts library are corrected to an inspection data 
corresponding to a new board design rule by an image 

55 input means, a data file producing means, a land detec- 
tion means and a correcting means similar to those de- 
scribed above. In this inspection data producing appa- 
ratus, the inspection data file including the corrected in- 
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spection data is stored in a predetermined storage me- 
dium or transmitted through a communication line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] 

Fig. 1 is a block diagram showing a configuration of 
a board inspection apparatus according to an em- 
bodiment of the invention; 

Fig. 2 is a diagram schematically showing the ap- 
pearance of a chip part; 

Fig. 3 is a diagram showing an example in which 
the setting of an inspection window is suited to a 
land on the image and an example in which such 
setting is not suited to a land on the image; 
Fig. 4 is a diagram showing a specific example of 
the process for detecting land edges; 
Fig. 5 is a diagram showing a specific example of 
the process for detecting land edges; 
Fig. 6 is a flowchart showing the steps of the teach- 
ing process; 

Fig. 7 is a flowchart showing the steps of correcting 
the inspection window for a given part; and 
Fig. 8 is a graph showing the relation between land 
length and fillet length. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS. 

[0040] Fig. 1 shows a configuration of a board inspec- 
tion apparatus according to an embodiment of the in- 
vention. 

[0041] This board inspection apparatus determines 
whether the soldered portions, etc. on the board are sat- 
isfactory or not by processing an image obtained from 
a board to be inspected, and comprises an imaging unit 
3, a light projection unit 4, a control unit 5, an X-axis 
table unit 6 and a Y-axis table unit 7. 
[0042] In Fig. 1, numeral 1 designates a board to be 
inspected (hereinafter sometimes referred to as "the ob- 
ject board 1 "), and numeral 2 a bare board with no parts 
mounted thereon as yet which is used at the time of 
teaching before inspection. 

[0043] The Y-axis table unit 7 includes a conveyor 25 
for supporting the boards 1 , 2. The conveyor 25 is driven 
by a motor not shown to move the boards 1 , 2 along Y 
axis (in the direction perpendicular to the page). The X- 
axis table unit 6, on the other hand, moves, while sup- 
porting, the imaging unit 3 and the light projection unit 
4 along X axis (lateral direction in the drawing) above 
the Y-axis table 7. 

[0044] The light projection unit 4 is configured of three 
annular light sources 8, 9, 1 0 having different diameters. 
These light sources 8, 9, 10 are adapted to emit red, 
green and blue light, respectively, and are arranged at 
different angles of elevation as viewed from the support- 
ing surfaces of the boards 1 , 2 by setting the centers 



thereof just above the observation point. 
[0045] The imaging unit 3 is a CCD camera for gen- 
erating a color image, and has the optical axis thereof 
set in a position corresponding to the centers of the light 
sources 8, 9, 1 0 along the vertical direction. As a result, 
the light reflected from the boards 1 , 2 to be observed 
enters the imaging unit 3 and, being converted into the 
three primary color signals R, G, B, are input to the con- 
trol unit 5. 

[0046] The control unit 5 is a computer with the CPU 
1 1 as a main component, and has a configuration includ- 
ing an image input unit 12, a memory 13, an imaging 
controller 14, an image processor 15, an XY table con- 
troller 16, an inspection unit 17, a teaching table 18, a 
library memory 19, an input unit 20, a CRT displa/unit 
21 , a printer 22, a transmitter/receiver 23 and an exter- 
nal memory unit 24. 

[0047] The image input unit 12 Includes an amplifier 
circuit for amplifying the image signals of R, G, B from 
the imaging unit 3 and an A/D converter for converting 
the image signals into digital signals. The memory 13 
has set therein an image storage area for storing a gray 
scale image data in digital amount for each color and a 
binary image obtained by binalizing the gray scale im- 
age. This memory 13 is used also to temporarily hold 
various data and programs at the time of teaching or 
inspection. 

[0048] The imaging controller 1 4 includes an interface 
for connecting the imaging unit 3 and the light projection 
unit 4 to the CPU 11 , and has the function of adjusting 
the light amount of each light source of the light projec- 
tion unit 4 and maintaining the balance between the 
color outputs of the imaging unit 3 in compliance with 
an instruction from the CPU 11 . 
[0049] The XY table controller 16 includes an inter- 
face for connecting the X-axis table unit 6 and the Y-axis 
table unit 7 to the CPU 11, and controls the motion of 
the X-axis table unit 6 and the Y-axis table unit 7 in com- 
pliance with an instruction from the CPU 11 . 
[0050] The teaching table 1 8 is for storing an inspec- 
tion data file required for inspecting each of various 
boards. Each inspection data file has set therein a binary 
threshold value required to extract the set position and 
size of the inspection window for each part mounted on 
a corresponding board and the color patterns of R, G, 
B in the particular inspection window (including a binary 
threshold value of brightness as well as a binary thresh- 
old value for each color component), an inspection pro- 
gram used for the inspection window and inspection da- 
ta such as criteria. Further, the teaching table 18 can 
store therein the data used for the teaching process, in- 
cluding a binary threshold value for detecting a land on 
the image. 

[0051] The library memory 19 is for storing a parts li- 
brary in which the inspection data shared by the boards 
are registered for each type of the parts. This parts li- 
brary is edited by the work to correct the preset default 
inspection data in accordance with the actual image of 
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the parts. Each inspection data is registered in corre- 
spondence with the variation name of the parts or the 
item number of the CAD data. 

[0052] The inspection data file is read by the CPU 1 1 , 
set in the memory 1 3 or the like and supplied to the im- 
age processor 15 and the inspection unit 17 at the time 
of inspection. 

[0053] The image processor 1 5 extracts, pixel by pix- 
el, the luminance values of R, G, B and the brightness 
from each image data of R, G, B stored in the memory 
13. Also, the image processor 15 binarizes the image 
data in each-inspection window and extracts the color 
patterns of R, G, B sequentially based on the inspection 
data file. Further, the image processor 15 extracts a pre- 
determined feature amount from the color patterns 
based on the inspection program described above. 
[0054] The inspection unit 1 7 executes the inspection 
process on each inspection window by comparing the 
result of extraction of the feature amount with a refer- 
ence value or otherwise. The CPU 11 determines wheth- 
er the object inspection board 1 is satisfactory or not 
from the overall inspection result for each inspection 
window. The result of this final determination is output 
to the CRT display unit 21 , the printer 22 or the trans- 
mitter/receiver 23. 

[0055] The input unit 20 is for inputting the various 
conditions for inspection and the inspection information, 
and configured of a keyboard and a mouse. The CRT 
display unit 21 (hereinafter referred to simply as "the dis- 
play unit 21") is supplied with the image data and the 
inspection result from the CPU 1 1 and the input data or 
the like from the input unit 20, and displays them on the 
display screen. Also, the printer 22 is supplied with the 
inspection result or the like from the CPU 11 and prints 
them out in a predetermined format, 
[0056] The transmitter/receiver 23 is for exchanging 
the data between a parts mounting machine, a soldering 
machine and other devices. With regard to the inspec- 
tion object board 1T determined as defective, for exam- 
ple, the identification information and the contents of the 
defect are transmitted to a correcting unit in the subse- 
quent stage, thereby making it possible to correct the 
defective portion rapidly. 

[0057] The external memory unit 24 is a device for. 
reading/Writing data from/into a recording medium such 
as a CD R or an magnetooptic disk. The external mem- 
ory unit 24 is used for storing the inspection result and 
recovering the CAD data or the like at the time of teach- 
ing. 

[0058] The CAD data can alternatively be retrieved 
from an external system using the transmitter/receiver 
23. 

[0059] In the aforementioned configuration, the image 
processor 15 and the inspection unit 17 is configured of 
an exclusive processor having built therein a program 
for executing each process described above. Neverthe- 
less, an exclusive processor is not always required, but 
the functions of the image processor 15 and the inspec- 



tion unit 1 7 may be added to the CPU 1 1 used for main 
control. Also, the memory 1 3, the teaching table 1 8 and 
the library memory 19 are not necessarily physically 
separated from each other, but may be set in the same 
5 memory (such as a hard disk). 

[0060] In the board inspection apparatus according to 
this embodiment, the CAD data constituting the design 
data of the board to be inspected is retrieved from the 
external memory unit 24 before inspection. The CAD da- 
ta and the data registered in the parts library are com- 
bined with each other to produce an inspection data file 
automatically. Further, in the board inspection appara- 
tus according to this embodiment, the process of adjust- 
ing the inspection window by the produced inspection 
data file is automatically executed using the image of a 
bare board. 

[0061] Fig. 2 schematically shows a configuration of 
a chip part as an example of a part. In Fig. 2, reference 
numeral 30 designates solder, numeral 31a part proper, 
numeral 32 electrodes and numeral 33 lands. An image 
of these component parts picked up by an optical sys- 
tem of Fig. 1 shows that a color pattern corresponding 
to an inclination angle of each component part appears 
at a position corresponding to the solder and the elec- 
trodes on the image thus obtained. 
[0062] Fig. 3(1) shows a state in which an inspection 
window is properly set on the chip part. In Fig. 3(1 ), nu- 
meral 35 designates lands on the image, while the im- 
ages of the solder 30, the part proper 31 and the elec- 
trodes 32 are not shown. 

[0063] In Fig. 3(1), character W1 designates an in- 
spection window corresponding to the lands 35. The in- 
spection window W1 sets the center position of the lands 
35 while at the same time containing the entire lands 35 
(the window W1 is hereinafter referred to as "the land 
window W1"). This land window W1 is used mainly for 
solder inspection. 

[0064] Character W2 designates an inspection win- 
dow for the part proper and is used for detecting a drop- 
off or an inclination, if any, of the part. Character W3, on 
the other hand, designates inspection windows for the 
electrodes. These windows are used for detecting a de- 
fect such as a rise of the electrodes with respect to the 
solder. 

[0065] Further,-a fourth Inspection window W4 con- 
taining the inspection windows described above Is set 
for this part. This inspection window W4 provides a ref- 
erence for setting the other windows W1 to W3 in posi- 
tion (the window W4 is hereinafter referred to as "the 
reference window W4"). At the time of teaching, for ex- 
ample, the set position of the reference window W4 is 
established based on the part mounting positions indi- 
cated by the CAD data, after which the set positions of 
the other inspection windows W1 to W3 are established 
(this is also the case with inspection). Further, the ref- 
erence window W4, as described later, functions also 
as a processing area for detecting the land edge position 
in the process for correcting the set data of the land win- 
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dows W1 . 

[0066] Fig. 3(2) shows an example of a state in which 
the inspection windows W1 to W4 similarto those shown 
in Fig. 3(1) are not suitable for the part. The lands 35 in 
this example are displaced from the assumed position 
of the land window W1 and somewhat appear larger 
than in the case of Fig. 3 (1). 

[0067] As shown in Fig. 3(2), in the case where the 
lands on the image cease to be contained within the land 
window W1 and are displaced fromthe land window W1 , 
the inspection would be undesirably conducted on a dif- 
ferent portion than the portion to be inspected. In the 
process of adjusting the inspection window described 
above, this inconvenience is obviated by correcting the 
set data of the land window W1 and in accordance with 
this correction, the set data of the other inspection win- 
dows W2 to W4 are also corrected. 
[0068] A specific example of correction of the set data 
for the land window W1 will be explained. 
[0069] I n the board inspection apparatus according to 
this embodiment, an optimal binary threshold value for 
detecting the lands 35 on the image is set beforehand 
in accordance with the color of the conductor pattern of 
the board and registered in the teaching table 1 8 or the 
like. According to this embodiment, the image of the 
bare board is binarized using this binary threshold value, 
and the resulting binary image is used for correcting the 
inspection window. 

[0070] According to this embodiment, the binary im- 
age in the reference window W4 is projected along X 
and Y axes, and positions corresponding to the edges 
of the lands 35 are detected on a histogram obtained by 
this projection process. Based on the result of this de- 
tection, the set position and the size of the land window 
W1 are corrected. 

[0071] Figs. 4 and 5 show specific examples of the 
process for detecting the edges of the lands 35. In these 
diagrams, only the reference window W4 and the land 
window W1 are shown among the inspection windows. 
The left and right land windows are denoted by different 
symbols W1 L and W1 R , respectively. In similar fashion, 
the land images are designated by different reference 
numerals 35L, 35R. 

[0072] In Fig. 4, the left and right edges of the land 
windows W1 L , W1 R are detected using a histogram 
while projecting two binary images in the reference win- 
dow W4 on X axis. Specifically, the histogram described 
above is searched in left and right directions from the 
origin points Xo L . X OR corresponding to the center lines 
C XL> c xr along X axis for each of the windows W1 L , W1 R 
thereby to detect the positions where the number of pro- 
jection pixels decreases. Thus, the left edge position of 
the lands 35L, 35R can be specified by the points a, c 
detected by the leftward search, and the right edge* po- 
sition of the lands 35L, 35R by the points b, d detected 
by the rightward search. 

[0073] In Fig. 5, the binary image in the reference win- 
dow W4 is projected on Y axis, and using the histogram 



thus obtained, the upper and lower edges of the land 
windows W1 L , W1 R are detected. In Rg. 5, the left and 
right lands 35L, 35R are aligned substantially at the 
same height, and therefore the projection process for 
5 these lands 35L, 35R are executed at the same time. 
After that, in the histogram obtained by the projection 
process, the positions where the number of projection 
pixels decreases are detected by upward and down- 
ward search starting from an origin point Y 0 correspond- 

10 ing to the center line Cy along Y axis of the land windows 
W1 L , W1 n . The upper edge position of the lands is spec- 
ified by the point e detected by upward search , while the 
lower edge position of the lands is specified by the point 
f detected by downward search. 

is [0074] According to this embodiment, in order to de- 
tect the decrease in the number of projection pixels, pre- 
determined threshold values TH1, TH2 (TH2 corre- 
sponds to a value equal to the double of the transverse 
width of a land) are set from the actual longitudinal and 

20 transverse widths of the land, and a boundary point 
where the number of projection pixels at each position 
transfers from an area where it exceeds the threshold 
values TH1 , TH2 to an area where it decreases below 
the same threshold values. 

25 [0075] In this type of correcting process, a bare board 
formed with a conductor pattern satisfactorily based on 
the design data should be selected, and therefore the 
displacement of the lands 35L, 35R occurring in the im- 
age of the bare board is not very large. Thus, the upper, 

30 lower, left and right edges of the lands 35L, 35R are rare- 
ly displaced beyond the center lines C XL , C XR , C Y of the 
land windows W1 L , W1 R . Therefore, the number of pro- 
jection pixels at the search start points X 0L X OR , Y 0 is 
considered to exceed the threshold values TH1 , TH2. 

35 [0076] According to the method shown in Figs. 4 and 
5, therefore, the search process is conducted from with- 
in the lands 35L, 35R toward the ends thereof. Thus, the 
four edges of the lands 35L, 35R can be positively de- 
tected. Also, according to this method, even in the case 

40 where a noise source pattern exists at a place distant 
from the land windows W1 L , W1 R , this pattern is not er- 
roneously detected as a land. Therefore, the edges can 
be detected with a higher accuracy 
[0077] As described above, once the lands 35L, 35R 

45 on the Image are clarified from the detected edges, the 
set position and size of the land windows W1 L , W1 R are 
changed to contain the lands 35L, 35R. Further, in ac- 
cordance with this change, the set positions of the other 
inspection windows W2 to W4 are also changed. Thus, 

so the inspection data suitable for the board design rule 
can be set. 

[0078] The method of correcting the set data for the 
inspection window is not limited to the method described 
above. As an alternative, for example, the method dis- 
ss closed in Japanese Unexamined Patent Publication No. 
9-1 45334 may be used, in which the land edge positions 
are detected by projection after correcting the displace- 
ment of the land window W1 , and based on the detection 
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result, the set position and size of the land window are 
adjusted. 

[0079] Fig. 6 shows a series of steps of the teaching 
process for the board inspection apparatus. In the de- 
scription that follows, each step is described as "ST\ 
[0080] This process is started when a storage medi- 
um storing the CAD data of the board to be taught is set 
in an external memory unit 24 and the read operation is 
started by the operator. In step ST1 , the CPU 11 reads 
the CAD data from the storage medium and inputs it in 
the working area of the memory 13. For each part 
mounting position indicated by the CAD data, the corre- 
sponding inspection data is read from the parts library 
in recognition of the mounted part, and the process of 
setting the inspection data at the mounting position is 
repeated. This process produces a prototype of the in- 
spection data file. 

[0081] Next, in step ST3, the operator delivers the 
bare board 2 onto the conveyor 25 using a board con- 
veyor not shown. In the next step ST4, the bare board 
begins to be imaged in accordance with the delivery 
process. Further, in step ST5 when a predetermined 
command is input, the process proceeds to step ST6 for 
executing the process of correcting the inspection win- 
dow. 

[0082] Fig. 7 shows the process of correcting the in- 
spection windows for a single component part. 
[0083] First, in step ST61 , the inspection windows for 
a particular part are set based on the inspection data 
produced. Next, in step ST62, the image within the ref- 
erence window W4 is binarized among the inspection 
windows set as described above. 
[0084] For binarization, the operator is required to in- 
put the type of the conductor pattern for a bare board to 
be processed, and set a threshold value (taught in ad- 
vance) in accordance with the input data. 
[0085] In the next steps ST63 to ST66, the binary im- 
age is projected for each of X and Y axes, and in the 
histogram thus obtained, the edge positions of the lands 
35 on the image are detected by a search process ex- 
ecuted with reference to the center line of the land win- 
dow W1 . In the case where a plurality of lands 35 to be 
processed are arranged along a coordinate axis in the 
detecting process, as shown in Fig. 4, the search proc- 
ess is executed for each land 35. In the case.where the 
lands 35 to be processed are aligned along the direction 
perpendicular to a particular coordinate axis, on the oth- 
er hand, as shown in Fig. 5, the search process for the 
lands 35 in alignment is executed collectively. 
[0086] Upon detection of the edge positions of the 
lands 35 this way, the size and the center position of the 
lands 35 are specified based on the edge detection re- 
sult in step ST67, and in accordance with this detection 
result, the set position and size of the land windows W1 
are corrected. 

[0087] After that, in step ST68, the amount and direc- 
tion of displacement of the land windows W1 are detect- 
ed by use of the coordinate of each center point of the 



land windows W1 before and after correction. Further, 
in the next step ST69, in accordance with the amount 
and direction of the displacement thus detected, the oth- 
er inspection windows W2 to W4 are moved thereby to 

s correct the set positions of these windows. 

[0088] Returning to Fig. 6, upon complete processing 
of the steps shown in Fig. 7 for each part, the operator 
removes the bare board and in place thereof, delivers a 
model of the parts mounting board to be inspected 

10 (hereinafter referred to as "the reference board") onto 
the conveyor 25 in step ST7. 

[0089] This reference board is for testing whether the 
inspection data produced by the aforementioned proc- 
ess is proper or not. When the reference board begins 
is to be imaged in step ST8, the inspection data for the 
parts are sequentially read out and the'inspection is con- 
ducted (ST9). 

[0090] The operator checks the inspection result on 
the display unit 21 , and determines whether the inspec- 
20 tion data is required to be corrected or not. In he case 
where the operator determines that the correction is 
necessary, a correction command designating the part 
to be corrected is input. 

[0091] With this input, the answer in step ST1 0 turns 

25 "YES", and the process proceeds to step ST11, where 
the inspection data for the designated part is corrected. 
This correcting process is executed using the image of 
the reference board. In the case where the set position 
and/or the size of the inspection windows W1 to W4 is 

30 required to be corrected, the present windows are dis- 
played on the image, and the operator is rendered to 
conduct the job of correcting the set position and/or the 
size, as the case may be. Based on the result of this 
correcting job, the set data of the inspection windows 

35 are rewritten. In the case where the binarized threshold 
value is required to be corrected, the operator is caused 
to designate the desired color pattern to be extracted on 
the gray scale image, so that the binary threshold value 
is extracted from the image data at the designated place 

40 to replace the old threshold value. In the case where the 
criterion is required to be corrected, the operator is 
caused to designate an optimum pattern on the binary 
image, and by extracting the feature amount for the par- 
ticular pattern or otherwise, a new criterion can be pro- 

45 duced. 

[0092] The process of correcting the inspection data 
by the test described above has been conventionally ex- 
ecuted. 

[0093] After completing an inspection data file usable 
so for inspection by the series of process described above, 
a command is input to register a new library. Then, the 
process proceeds from ST12 to ST13 where the proc- 
ess of registering a new library is executed. 
[0094] In this registration process, the inspection data 
55 liable to be used also for other boards is designated in 
the inspection data file, and a new parts library is pro- 
duced with the designated inspection data. The inspec- 
tion data can be freely designated. Also, all the inspec- 



8 



15 



EP 1 388 738 A1 



16 



tion data in the inspection data file can be designated. 
[0095] According to the process of steps shown in 
Figs. 6 and 7, the inspection data automatically pro- 
duced by the CAD data and the existing parts library can 
be automatically corrected using the bare board image. 
Thus, the operator labor and the time required for cor- 
rection can be greatly reduced, and the teaching proc- 
ess can be executed efficiently. In addition, a new parts 
library can be produced from the inspection data cor- 
rected to the proper state. In the case where the board 
design rule is changed or a new design rule is intro- 
duced, therefore, a parts library conforming with the par- 
ticular rule can be easily produced. 
[0096] In registering a parts library anew, the existing 
parts library that has thus far been used for producing 
the inspection data file before correction is left as it is. 
Nevertheless, the inspection data of the existing parts 
library may alternatively be rewritten using the corrected 
inspection data file. In the case where the user has a 
plurality of board design rules, a parts library for each 
design rule may be produced by new registration in the 
method according to the embodiments described 
above. By the process of rewriting the existing parts li- 
brary, a parts library having the inspection data suitable 
for the latest design rule shared by the boards can be 
easily produced in the case where the design rule is 
changed for a plurality of types of boards, in this way, 
the parts library required by the user can be easily pro- 
duced, and therefore the utility of the teaching is im- 
proved, thereby further improving the teaching efficien- 
cy. 

[0097] After completing the inspection data file in 
keeping with the board design rule in this way, assume 
that the board 1 to be inspected is conveyed on the con- 
veyor 25 and imaged. Then, the control unit 5 sets the 
various inspection windows W1 to W4 for the parts on 
the image to be processed, and carries out the inspec- 
tion using the inspection reference data corresponding 
to each window. In this inspection, assume that the 
mounting position of the parts is displaced. According 
to the method disclosed in Japanese Unexamined Pat- 
ent Publication No. 9-145334 described above, the in- 
spection is conducted after adjusting the set position of 
each inspection window based on the land position on 
the image. 

[0098] Further, the design of the board inspection ap- 
paratus can be changed as described below. 
[0099] First, unlike in the aforementioned embodi- 
ments in which the inspection windows are corrected af- 
ter the inspection data file is automatically produced by 
the CAD data and the parts library, a similar correction 
can alternatively be carried out also in the case where 
the user reads the inspection data from the parts library 
and attaches them on the board image. 
[0100] With the correction of the set data for the in- 
spection windows, the inspection reference data corre- 
sponding to the corrected windows can also be correct- 
ed. As an example, an explanation will be given below 



about a case in which the criterion for determining the 
appropriateness of the fillet length is corrected in ac- 
cordance with the correction of the size of the land win- 
dows W1 . 

5 [0101] In the case where a large land is designed to 
radiate heat for apart which generates heat in operation, 
for example, the particular part is designed in such a 
way that the fillet length thereof is not changed simply 
in the same manner as the land size, but as shown in 

10 Fig. 8, the fillet length changes at a slower rate than the 
land size from a predetermined length. In this way, the 
fillet length, like the land window, depends to a large 
measure on the board design rule. Once the correction 
of the criterion is automated, therefore, the burden on 

is the user can be further reduced, thereby further improv- 
ing the teaching efficiency. 

[0102] For correcting the criterion of the fillet length 
automatically, the relation between the land length and 
the fillet length shown in Fig'. 8 is required to be deter- 

20 mined and registered in advance as a correction rule in 
the teaching table 18 or the memory 13. In the case 
where the land windows W1 are corrected at the time of 
teaching, the length of the corrected land windows W1 
is governed by the corrected rule. In this way, the fillet 

25 length suitable for the land windows W1 can be acquired 
and is used to rewrite the criterion. 
[0103] In Fig. 8, the term "the land length" on the ab- 
scissa is defined as the land size along the longitudinal 
direction of the fillet. Also; the correction rule shown in 

30 Fig. 8 is desirably set for each part type. In the case 
where there is no sizable difference in the relation be- 
tween the land length and the fillet length, however, a 
common correction rule may be set for a plurality of 
types of parts. 

35 [0104] Further, with the board inspection apparatus 
described above, the inspection data can be unified for 
the same type of parts on the board by introducing any 
of the methods described below. 
[0105] In one method, after correcting the inspection 

40 data for predetermined parts, the inspection data thus 
corrected are reflected in other parts of the same type. 
As another method, after correction for the parts of the 
same type, the average size of the land windows after 
correction is determined, and based on the average val- 

45 ue thus determined, the set data for each part is rewrit- 
ten (a similar method can be used also for a criterion). 
[0106] According to the invention, in the case where 
a board design rule is changed or a new board design 
rule is introduced whereby the land size of a part is 

50 changed, the inspection data produced using the exist- 
ing parts library can be automatically corrected. Thus, 
the time and labor consumed forteaching can be greatly 
reduced, and the board inspection can be started at an 
early time. Especially, the user such as a manufacturer 

55 on consignment who uses a multiplicity of design rules 
can efficiently proceed with the teaching work for vari- 
ous boards, and therefore the productivity can be im- 
proved by the resulting shorter processing time required 
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for board inspection. 

[0107] Also, according to the invention, in the case 
where a design rule is changed or a new board rule is 
added, the parts library can be rewritten or a new parts 
library can be produced easily. The user, therefore, can 
easily acquire the parts library as required, thereby im- 
proving the utility of teaching considerably. 



Claims 

1 . A method of producing inspection data for inspect- 
ing a parts-mounted board by image processing, 

characterized In that an inspection data cor- 
responding to each part on a board constituting an 
object of inspection is read from a part library pro- 
duced in advance, and the process for setting the 
inspection data at the mounting position of said part 
is executed, after which an image area correspond- 
ing to each land is detected on an image picked up 
from a model of the board constituting said object 
of inspection, and based on this inspection result, 
the set data of the inspection window included in 
said inspection data is corrected. 

2. An inspection data producing method according to 
claim 1 , 

characterized in that in the process of de- 
tecting the image area corresponding to said land, 
the process is executed for retrieving the position 
of the land edges with reference to a solder inspec- 
tion window based on the set data before correction 
on the image of said model. 

3. An inspection data producing method according to 
claim 1, 

characterized in that in accordance with the 
correction of the set data of said inspection window, 
an inspection reference data corresponding to the 
corrected inspection window is corrected. 

4. An inspection data producing method according to 
any one of claims 1 to 3, 

characterized in that using the corrected in- 
spection data for a predetermined part on said 
board, the inspection data for the parts of the same 
type as said part is corrected. 

5. An inspection data producing method according to 
any one of claims 1 to 3, 

characterized in that the inspection data 
shared by the parts is produced using the inspection 
data corrected for the same type of parts on said 
board, and the inspection data for each part is re- 
written into said common inspection data. 

6. An inspection data producing method according to 
any one of claims 1 to 3, 



characterized In that the process for rewrit- 
ing said parts library or the process for producing a 
new parts library is executed for a predetermined 
part using the corrected inspection data. 

5 

7. A board inspection apparatus comprising: 

image input means for inputting an image 
picked up of a board; 

10 data file producing means for producing an in- 

spection data file required for inspection of a 
board to be inspected, by executing the proc- 
ess for reading the inspection data correspond- 
ing to each part from a parts library produced 

75 in advance and setting said inspection data on 

the mounting position of said part; 
land inspection means for receiving an input 
model image of a corresponding board after 
complete production of said inspection data file 

20 and detecting an image area corresponding to 

the land on said image; 
correcting means for correcting the set data of 
an inspection window in accordance with said 
detected image area; and 

25 registration means for registering in a memory 

the inspection data file including the set data 
after correction. 
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